Abstract. Buildings are a vital component in a human's daily life. It provides shelter from the environment, weather and animals. Mold growth within the building might be caused by the moisture problems which directly act on it such as water leaks or indirect factor such as high humidity levels. This growth causes esthetic problems and deterioration of its wall coatings. Spores from the fungi also cause health problems to humans. The fungus species studied in this research is Aspergillus niger. The material is made of wood and its finishing is thick wallpaper, thin wallpaper, acrylic paint and glycerol based paint. ASTMD5590-00 standard was used to evaluate fungal growth and to determine if non antifungal agent was effective in inhibiting the amount of fungal growth on four types of wall finishing used on wooden walls. This research was conducted without using any antifungal agent. Highest percentage of growth of the fungi was found on acrylic paint, followed by glycerol based paint and thin wallpaper. Thick wall paper shows the least growth of fungi. The maximum growth is visible on day 12 which is more than 60% by all the wall finishing.
Introduction
Mold causes significant problems when it comes to aesthetic value within a building. It may lead to surface problems such as degradation and spalling. Fungi are organisms that colonize on building coatings and thrive on them [1, 2] . Using wood as the building material is also the main cause of mold and fungi colonization in buildings. Controls on the pollutant sources are considered because the design, efficiency and economics of the IAQ control can be influenced [3] . Most people work in an office environment [4] . This is an area where a hazard such as chemicals, lighting and indoor air quality rises. Health problems such as asthma, irritations and other issues are spread due to airborne fungal spore which effect humans drastically [5] [6] [7] . These signs are uncommon in buildings that are well maintained but water leaks and inappropriate humidity levels causes high fungal spore loads [8, 9] . A fungus is able to grow almost on all natural and synthetic materials especially if they are wet [10, 11] . Wood is vulnerable to fungal attack [12] . Kiln dried wood surfaces are more susceptible to fungi infection compared to other wood types [13] . Acylated wooden furniture's, wood polyethylene composites, plywood and modified wood products are susceptible to infestation by Aspergillus, Trichoderma and Penicillium. Paper and glue used on indoor surfaces are very good growth substrates a Corresponding author : menegasubramaniam@gmail.com for most of the indoor fungi as they provide a wet environment for the fungi. Aspergillus and Penicillium grow superficially on painted surfaces, but Aureobasidiumpullulans was found to deteriorate the paints. Acrylic painted surfaces are attacked by Alternaria, Cladosporium, and Aspergillus. There are 3 main factors that influence the growth of fungi in buildings. They are moisture, nutrients and temperature [14] . Material types and humidity are also factors that control the fungi growth in structures. Material such as gypsum board, wallpaper, mortar and paint are common in the construction industry. Aspergillus species are commonly found on ceramic-type materials (concrete, mortar) and paints and glues. Cellulose based materials are much sensitive to contamination by fungi compared to inorganic materials such as gypsum, mortar and concrete. Cellulose can be metabolized by the microorganisms [15] . A large variety of construction materials are sensitive to the development of mold. Nevertheless, it seems clear that the materials/substrate does influence the type of mould that develops on the surface. A few studies have demonstrated that the fungal genera detected on construction plaster are predominantly Penicillium or Aspergillus [16] . Studies have shown materials with strong concentrations of organic carbon like cellulose or carbonates (wall paper, wood-based building materials) are more favourable to the development of mould than those with lower carbon content (plaster, glass wool) [16] . Thus the objective of this study is to determine the effectiveness of different wall finishing (thick wallpaper, thin wallpaper, glycerol based paint and acrylic paint) on wood based material to reduce the growth of Aspergillus niger without applying any type of antifungal agent.
Materials and Methods

Preparation of bio-resistance test
The wall finishing which is the acrylic paint (AP), glycerol based-paint (GBP), thin wall paper (TnW) and thick wallpaper (TkW) are used to cover the supports (woods). The weight of the thick wall paper is 240 g/m 2 and the thin wall paper is 80 g/m 2 . According to Vacher et al. [16] the supports (woods) were cut into samples size of 50mm x 50mm. Then, 70% of ethanol was used to wash each surface of the samples. The samples were left to dry for a few hours. After drying was completed, the acrylic paint and the glycerol based paint were each applied on different surface of wood samples to cover the wood. The thin and thick wall paper was glued on the surface of the supports. Approximately 24 to 48 hours were taken to dry the samples. Next, the fungal spores were inoculated. The samples are proceeded to test in a germicide UV-lamp for 40 minutes before the samples were kept in individual dishes. 50 μl of the fungus spore suspension was applied on top of the wall finishing. Finally, the petri dish was sealed using parafilm. The samples were placed into the incubator for 27 days for observation. Relative humidity (RH) was set up to 55% ± 2% and the temperature at 28 o C ± 1 o C as stated in ASTM D5590-00 Guidelines [17] . Regular observations were done for 3, 6, 9, 12, 15, 18, 21, 24, and 27 days for each test at the same time.
Measurement of result
American Society for Testing and Materials (ASTM) D5590-00 Standard Scale was referred for analyzing the data [17] . The analyzing of the data was carried out for the free-antifungal substrate and consists of different wall finishing cover surface. As the result, the efficiency of the various wall finishing in treating the indoor fungal is observed by the rate of the fungal growth (at 27 th days). For observation, the decrease rate of mold growth on the supports, graph of fungal growth versus four types of wall finishing are plotted. These graphs can show the reduction in rate of indoor fungi on the support. The measurement also includes the percentage of fungi growth and the diameter of the fungi. Three graphs are tabulated according to percentage of fungi growth, rating scale and also the diameter of fungi growth.
Results and Discussion
The growth of fungi on different wall finishing which is not treated with any type of antifungal agent was shown (Figure 1 ). Acrylic paint (AP) and glycerol based paint (GBP) have higher percentage of fungi growth compared to thick wallpapers (TkW) and thin wallpapers (TnW). The highest percentage of fungi growth was by AP which reached its maximum by day 12 at 100%. This shows that AP and GBP is unsuitable as wall finishing on wood unless it was treated or applied with a layer of antifungal [13] . The least growth of fungi was found on control sample which was the TkW. It took almost 27 days to reach 90% compared to other types of wall finishing. The thickness of the wall finishing influences the growth of the fungi. Method is as shown above. The Rating Scale for control sample that is sample without antifungal agent was shown (Figure 2 ). On day 3 as the first reading, acrylic paint shows the highest rating on fungi growth. It reached rating as 2.6 followed by 2.4 by glycerol based paint. Both wall papers had the same rating on day 3 which is 1.0. Indoor fungal growth of this sample increased drastically until Day 15 then remained stable where all of them reached 4.0 rating scale.
The diameter of fungi growth on different types of wall finishing is as shown (Figure 3) . The highest diameter of fungi recorded on day 3 was the sample with acrylic paint. It was 2.5 cm of fungi formed on acrylic paint as wall finishing on wood. The minimum diameter at day 3 was stated on thick wallpaper. It is proved that in this study, wallpapers also as equal as the paints on fungi growth beyond day 18. Thick wallpaper is more effective to resist fungal growth compared to IConCEES 2015 05007-p.3 thin wallpaper. This might be due to the difference in thickness of wallpaper that can prevent the spore from getting the nutrient from the agar. 
Conclusions
The fastest growth of Aspergillus niger on wood based material with 4 types of wall finishing was found on acrylic paint, followed by glycerol based paint and thin wallpaper. The slowest fungi growth for the sample was found on thick wallpaper. It is suggested that antifungal agent should be added to avoid indoor fungi growth and to act as a protective layer for the wall finishing.
